A Gram-stain-negative, non-flagellated, aerobic and coccoid, ovoid or rod-shaped bacterium, designated YSM-17 T , was isolated from tidal flat sediment collected from the South Sea, South Korea, and subjected to a polyphasic taxonomic study. The novel strain grew optimally at 30 C, at pH 6.5-8.0 and in the presence of 2.0-3.0 % (w/v) NaCl. Phylogenetic trees based on 16S rRNA gene sequences showed that strain YSM-17
From our studies to screen novel bacteria from a variety of tidal flats on the Yellow Sea and the South Sea of the Korean peninsula, many novel bacterial taxa belonging to the class Alphaproteobacteria have been described (Yoon et al., 2009a (Yoon et al., , b, 2010 (Yoon et al., , 2013a Jung et al., 2010; Park et al., 2014b, c) . In the course of screening of bacteria from a tidal flat of Yeosu located on the South Sea, South Korea, many bacterial strains belonging to the class Alphaproteobacteria have been isolated and characterized taxonomically. One of these isolates, designated YSM-17 T , is described in this study. Comparative 16S rRNA gene sequence analysis showed that this novel strain is phylogenetically affiliated to members of the class Alphaproteobacteria but its exact taxonomic status is not clear due to equidistant 16S rRNA gene sequence similarities with representatives of genera within the class Alphaproteobacteria. The aim of the present work was to determine the exact taxonomic position of strain YSM-17 T by using a polyphasic characterization that included determination of the chemotaxonomic and other phenotypic properties and detailed phylogenetic investigations based on 16S rRNA gene sequences.
A tidal flat sediment was collected from Yeosu and used as a source for the isolation of bacterial strains. Strain YSM-17 T was isolated by the standard dilution plating technique at 25 C on marine agar 2216 (MA; BD Difco) and cultivated routinely at 30 C on MA. Cell morphology, the Gram reaction, pH range for growth and anaerobic growth, requirement for Mg 2+ ions, hydrolysis of gelatin and urea, enzyme activity by the API ZYM system (bioM erieux) and susceptibility to antibiotics were investigated as described by Park et al. (2014c) . Growth at 4, 10, 15, 20, 25, 30, 37 and 40 C was measured on MA to determine the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl (0, 0.5 and 1.0-10.0 %, w/v, at increments of 1.0 %) was investigated by supplementing appropriate concentrations of NaCl in marine broth 2216 (MB) prepared according to the formula of the BD Difco medium except that NaCl was excluded. Catalase and oxidase activities were determined as described by L anyí (1987) . Hydrolysis of casein, starch, hypoxanthine, L-tyrosine and xanthine was investigated on MA using the substrate concentrations described by Barrow & Feltham (1993) . Hydrolysis of aesculin and Tween 80 and nitrate reduction were investigated as described previously (L anyí, 1987) with the modification that artificial seawater (Bruns et al., 2001 ) was used for the preparation of media. H 2 S production was tested as described previously (Bruns et al., 2001) . Utilization of various substrates for growth was tested according to Baumann & Baumann (1981) using supplementation with 1 % (v/v) vitamin solution (Staley, 1968) and 2 % (v/v) Hutner's mineral salts (Cohen-Bazire et al., 1957) .
Cell masses of strain YSM-17 T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids were obtained from cultures grown for 3 days in MB at 30 C. Chromosomal DNA was extracted and purified as described previously (Yoon et al., 1996) , with the exception that RNase T1 was used in combination with RNase A to minimize the contamination with RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (5¢-GAGTTTGATCC TGGCTCAG-3¢) and 1512R (5¢-ACGGTTACCTTGTTAC-GACTT-3¢). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) .
Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed using reversed-phase HPLC and a YMC ODS-A (250Â4.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/isopropanol (2 : 1, v/v) using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 275 nm. For cellular fatty acid analysis, cell masses of strain YSM-17 T were harvested from MA plates after cultivation for 3, 5 and 7 days at 25 C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension as described by Embley & Wait (1994) . Individual polar lipids were identified by spraying the plates with 10 % ethanolic molybdophosphoric acid and a-naphthol reagents (Minnikin et al., 1984) and with the ninhydrin spray, molybdenum blue spray and Dragendorff's reagents (Sigma). The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (250Â4.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min À1 at room temperature and detected by UV absorbance at 270 nm. The mean of three replications was quoted as the DNA G+C content value. DNA from Escherichia coli (Sigma) was used as a standard and for calibration.
Morphological, cultural, physiological and biochemical characteristics of strain T are given in the genus and species descriptions and in Table 1 or Fig. S1 (available in the online Supplementary Material). Strain YSM-17
T was susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, kanamycin, neomycin, novobiocin, oleandomycin, penicillin G, streptomycin and tetracycline, but resistant to gentamicin, lincomycin and polymyxin B. The almost-complete 16S rRNA gene sequence of strain YSM-17 T comprising 1390 nt, and representing approximately 95 % of the E. coli 16S rRNA gene sequence, was determined in this study. Strain T exhibited the highest 16S rRNA gene sequence similarity to Pseudopelagicola gijangensis YSS-7 T (96.8 %), Pelagicola litoralis CL-ES2 T (96.6 %) and Leisingera aquimarina LMG 24366 T (96.5 %), and 16S rRNA gene sequence similarity values of less than 96.4 % to the type strains of other recognized species. In the neighbour-joining, maximum-likelihood and maximum-parsimony phylogenetic trees based on 16S rRNA gene sequences, strain YSM-17
T formed a distinct evolutionary lineage independent of other taxa in the family Rhodobacteraceae (Figs 1, S2 and S3 ).
The predominant isoprenoid quinone detected in strain YSM-17 T was ubiquinone-10 (Q-10), which is typical of the vast majority of the class Alphaproteobacteria; a minor amount of Q-9 (approx. 8 %) was also present. The cellular fatty acid profiles of strain T and the type strains of Pseudopelagicola gijangensis and Pelagicola litoralis are compared in Table 2 . The fatty acid profiles of strain YSM-17
T from three different growth phases were found to be similar. The major fatty acid (>10 % of the total fatty acids in three different growth phases) detected in strain YSM-17 T was C 18 : 1 !7c. The fatty acid profile of strain YSM-17
T was similar to those of Pseudopelagicola gijangensis YSS-7 T and Pelagicola litoralis KCCM 42274
T in that C 18 : 1 !7c was the major fatty acid, but it was distinguishable from those of the two reference strains by differences in the proportions of some fatty acids, such as C 18 : 1 !7c, C 16 : 0 2-OH and 11-methyl C 18 : 1 !7c ( Table 2 ). The major polar lipids detected in strain YSM-17 T were phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and one unidentified aminolipid; minor amounts of diphosphatidylglycerol, one unidentified phospholipid and one unidentified lipid were also present (Fig. S4) . The polar lipid profile of strain YSM-17
T was similar to those of Pseudopelagicola gijangensis YSS-7 T and Pelagicola litoralis KCCM 42274 T in that phosphatidylcholine, phosphatidylglycerol and one unidentified aminolipid are major polar lipids ( Fig. S4 ; Park et al. 2013; Kim et al., 2014) . However, the polar lipid profile of strain YSM-17 T was clearly distinguished from that of Pseudopelagicola gijangensis YSS-7
T by the presence of phosphatidylethanolamine and distinguished from those of Pelagicola species by the absence of unidentified lipids as major components ( Fig. S4 ; Park et al. 2013; Kim et al., 2014) . The DNA G+C content of strain YSM-17
T was 64.6 ±0.04 mol%, a value higher than those of members of the genera Pseudopelagicola and Pelagicola (Table 1; Park et al., 2013) .
From the results of the phylogenetic analyses, it does not seem appropriate to assign strain YSM-17 T to any of the recognized genera of the family Rhodobacteraceae (Figs 1, S2 and  S3 ). The differences in fatty acid and polar lipid profiles are sufficient to differentiate strain YSM-17
T from phylogenetically related taxa (Table 2; Fig. S4 ). Strain YSM-17 T exhibited a high 16S rRNA gene sequence similarity to the type strain of Leisingera aquimarina, but the type strain of L. aquimarina was found to fall within the clade encompassed by the corresponding genus ( Fig. 1 ; Park et al., 2014a; Kim et al., 2015) . Strain YSM-17 T was distinguished from the type strains of Pseudopelagicola gijangensis and Pelagicola litoralis by differences in several characteristics, including nitrate reduction, hydrolysis and utilization of some substrates, activity of some enzymes, susceptibility to some antibiotics and DNA G+C contents (Table 1) . Accordingly, on the basis of the phylogenetic and chemotaxonomic distinctiveness and other differential phenotypic properties, strain T is considered to represent a novel species of a new genus within the family Rhodobacteraceae, for which the name Litorisediminivivens gilvus gen. nov., sp. nov. is proposed.
Description of Litorisediminivivens gen. nov.
Litorisediminivivens (li.to.ri.se.di.mi.ni.vi¢vens. L. n. litus -oris the seashore, coast; L. n. sedimen -inis sediment; L. part. adj. vivens living; N.L. masc. n. Litorisediminivivens living in coastal sediment).
Cells are Gram-stain-negative, aerobic, non-motile, and coccoid, ovoid or rod-shaped. Catalase-and oxidase-positive. Nitrate reduction is negative. The predominant ubiquinone is Q-10. The major fatty acid is C 18 : 1 !7c. The major polar lipids are phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and one unidentified aminolipid. The type species is Litorisediminivivens gilvus. A member of the family Rhodobacteraceae, the class Alphaproteobacteria, according to 16S rRNA gene sequence analysis.
Description of Litorisediminivivens gilvus sp. nov.
Litorisediminivivens gilvus (gil¢vus. L. masc. adj. gilvus pale yellow, referring to the colour of colonies).
Has the following characteristics in addition to those given in the genus description. Cells are 0.3-0.8 µm in diameter and 0.5-3.5 µm in length. Colonies on MA are circular, convex, smooth, glistening, pale yellow and 0.5-1.0 mm in diameter after incubation for 5 days at 30 C. Optimal temperature for growth is 30 C; growth occurs at 10 and 35 C, but not at 4 or 37 C. Optimal pH for growth is 6.5-8.0; growth occurs at pH 5.5, but not at pH 5.0. Optimal growth occurs in the Kim et al. (2014) ; 3, Pelagicola litoralis KCCM 42274 T , data taken from Park et al. (2013) unless otherwise indicated. +, Positive reaction; À, negative reaction. All strains are positive for activity* of catalase and oxidase; utilization of pyruvate; activity of alkaline phosphatase and leucine arylamidase; and susceptibility to ampicillin, carbenicillin, cephalothin, chloramphenicol, kanamycin, novobiocin, oleandomycin, penicillin G and streptomycin. All strains are negative for Gram-staining*; motility*; hydrolysis of* urea and gelatin; utilization of L-arabinose, maltose, trehalose, benzoate, formate, L-glutamate and salicin; activity of lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase; and susceptibility to lincomycin. Growth at:
Hydrolysis of:
Enzyme activity (API ZYM): Kim et al. (2008) .
Litorisediminivivens gilvus gen. nov., sp. nov. Only bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branch points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms, while open circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. Stappia stellulata IAM 12621 T (GenBank accession no. D88525) was used as an outgroup. Bar, 0.01 substitutions per nucleotide position. 
